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Abstra ct
T ritltlm C O n C erltrations are u s edto tr a ce w ater cir culatio nin Ur umqi and Tt1血 a reas､in Xinja n, w e ste m
C hin a･ Tritu m a n alys es w ere m adefo r7 7s amples of riv er w a･te rs, gro undw a:ters, sp m g w aters,lake w aLterS
a ndgla cieric e c olle cted in s u m m ersin I992a nd19 94, 1他etrltlu m C O n C er[tra;tlO n Sin the w aters areina wide
ra nge丘
.
o m 0to 125T U･ Tritu m le v elsin pre cIPltatio nin the ar ea a re o v erte ntim es ashighasthos e atTo-
kyo･ Gr o undw aters a ndspn ng w atersin the flatreglO nS are m ainlyderiv ed 丘o mriv erw aters orlgln atlngin
gla cier r eglO n S･ Riv er w aters c o ntaln mOre than 50 %m eltgla cierinsum mer. Circ uhting m ete oric w aterpart
in riv er w aterhas sperlt a m ea ntim e ofabo ut15ye arsin･gr o u ndw a:ter syste m sin･the m o untain reg101娼･ Riv -
e r w aterstake s ev eralte nyea rstopa ssthe undergrotlndto m o st sprlngS and w ellsin theflaLtr egl O nS, 也o ugh
s o m e w aters丘o m w ells andspr mgs with low tritiu m c onte nt a re c orrespo ndedto old riv erw ater mo retha n
4 0ye ars a80 ･ TakingiⅡto c o n sideratio nfo rtritiu m emichm entby e v aporatio nin clos ed a nd s emi- clo s ed
h kes
,
the r a王ios ofgro undw aterflo winto saltlakesto pre cIPtatio n are relativ ely sITlal1 as agmist thos ein
丘esh waterlakes.
1. ⅠⅠ止rodu ctio n
U rumql and Turfa nba sins aresituatedin Xinjian, w e ster nC hin a, e xte ndingfo r o v er500km 2
withs everal clo sed s altlake sI T he a reais e ss emially nat and semi-arid, surr o u ndedbythelofty
Tian sha nM ountain swithpe rpetualsn o w a ndgla cier. T he che mic alchara cteristics ofriv er water,
spring w ate randlake waterin the are ahavebe e ninv e stigated by Watanabe etal,(1995), The main
s ou rc e sofgro u ndw aterin theflat r egions m aybederivedfro m riv e rs ongln atl ng lnPe rpetu alsn o w
andglacier regi o n s, a Sthe an nu alpre cIPltationintheflatregi on sisle ssthan100m m,
Tritiu mis cre ated n atu ralyin the upper atm o sphe rebytheinteraction of nitrogen with co smic
radiation, andistranspo rted into gr oundw ater system sby m eteoric water. Thetritiu m c o n c e ntration
inpre c lptationin m a ny part ofthe w orldros e a丘era series ofther morluCleardeton
■
ation te stsin the
1950
'
s
,
a nd by1963 had r ea chedapeak c onc e ntr ation tw o orde rs of m agnitude abovethepreviou s
natu ral 1e vel･ The relativelyshorthalf-life(12.43y) m akes thisis otopea valu abletr a c erof w ate r
m o v e m e nts o currl ng ov e rtim espans ofa c e ntu ry o rle ss･ T he tritiu m content ofgroundw ate rc an
thusgiv e u sefulinfor mation on the circulation ofw ate r･ In s o me case s, itis agood indicator ofthe
re side n c etim e ofw aterinthegroundw atersystem .
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T ritu m c on centrations are u sedto tra c e w ate r circ ulationin the a re a. Watersamples w er ecol-
1ected 丘.o m rivers
,
w ells
,
sprlngS a nd lakesin s urr m ersin 1992and1994. In 1986,tritiu m c o n ce n-
tr atio n sinpre cIPltations, glacie r,riv e r s, prlngS andgr o undw atersinthis a r ea w er e m ea sured bythe
Chine se Ac ade my ofScie n c e s(Shi andCai, 1989). T hedatafo r v ariou stypes of w aterin 198 6wil
be c o mpared withthe n e wdata &om thehydr ologl Calviewpol ntin thepre s entpaper.
2. Sa mpling andresults
Sa mple s of rive rw ater, groundw ater, spn ng w ater and lake w ate rinthe ar e aw eretake ntwic e,
丘o m 14to 16 Julyin 1992and丑
･
o m27Jun eto 16 Julyin 1994. A totalof 77w ater s a mples(20
sa mplesin 1992a nd5 7in19 94)w erec ollectedfortritiu m andchemic alanalyses. Theloc atio n sof
s ampling points are sho wn withs aTPle nu mbers(or symbolsfor s ample sof 1992)inFigu r elL
T rit u m a nalys e sw er e m ade usl ngthe m ethod ofliquids cintillation c o u ntlng. T he a c cura cy of
this co utltlng pr o c edureis0.5
m fb∫ tritiu m con c e ntration
low er than about 5 T U. The
ter m T U(tritiu m u nit)den otes
the n u mber oftritium atoms
pe rlO
16
atom sof hydr oge n.
T he tritiu m c o n c er[trations
in w aters fall irltO a Wide
range of Oto 125 T U. Itis
n otedtba=be tritiu m c o n c en -
tr atio n of Uru mqi Riv e r wa.ter
atthe s o ur c e‾point(atthegla-
cie r e nd: GM in Fig. 1)is
n e a rly也e s a m e astho seinthe
middle str e a m of the riv e r
(R Y, R E and R N L), altho ugh
the tritiu m concentration in
gla cier ic e(GI)is v eTlo wI
T he tritiu m conc entra:t10nSin
w 8!
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Fig. 1: Sa mp]lng POints ofriv er, spn ng. Lake, w ella nd gla cierin Uru mqi a nd
Turfa n a re a sin1 9 9 2a nd 1 94
U rumqi Riv e r wate rhav e atende n cyto inc r ea s ewithdistan c etow ard do wnstr ea m, ands e e mtode-
cr ea s egradualy withtim eduringthese eightye ars a s awhole.
M o stspn ng w ate rs w e r e r ela.tivelylnlo wtritiu m c onc entra土ion cornpar ed withrive rw aters. Tri-
tiu m c onc entratio n sinlake wate rsar e worthy orn oteto be similartotho s e orriv er w ate rs, altho t唱b
m o stlake sin the ar e a ar e clo s ed or s emi- clo s ed a nds alty. Itis c onspic u ousthat a se rie s ofgre at tri-
tiu m c o n c er[tratio n o ve r100 TU o cc u rredin m any grou ndw ate rs c olle cted B
'
o m w ellsin U rumql
Cityin 1992, tho ughv erylo w tritiu m c o nte nts w erein so m egrou ndw aters ar oundthe re. A big
spring(No.45),located nearthe w aterdividebetw e en U rumqiand Turfa nba sins, dis charged als o
hightritiu m w ate rsin 19 94.
3. Estim a.tion oftritiu m c once ntr ationinpr eclpltatio ninthe a re a
lnterpretation oftritium c o n ce ntration s m ea su r ed in natu r al w aters r equlr e S an estim atio n ofthe
naturalv ariation oftritiu m c o n c entratio ninprecIPltatio ninthe area. IA E A Wo rldSurveyNetw o rk
Stations m onitor tritiu m c o n c entratio nin m o nthly pre cIPitation at m any polntSin Eura sia. M oni-
tonng atTokyo started in 1 961 byIA E A, and&om 1980on w a rd, has be e n madefo r monthly pr e
-
cIPltation atChibajustn earTokyobyNational lrlStitute of RadiologlC al Scien ce s.
T her ear ec orrelationsin the an n u al m ea ns am o ng stationsin the Norther nHemispher e･ T he nthe
ann u al m e a ns oftritiu m con c e ntratio natTokyobefo r e1 96 0c a nbe e stim ated by u sing Otta w a re el
ord. Ev e nat a sta tio n with a short obs e r v ation pe riod, the an n u al m e ansin pre cIPltatio n at the
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station for other periods can be estim ated
usi ng a regre s sion line obtain ed by a
correlatio nwith thos eatTokyo･
T he distributio n of a n nual m e a nof
tritiu m co n c e ntratio nin pre c IPltatio n in
Eu r a sia obtained inthis m anneris sho w nin
Figu re 21 Nu mberindicatedin the Figu r e
de n ote s afactortobe m ultiplied bythe an -
nual m e an at Tokyo. The fa cto rwi llbe
r epres e nted by a symbol M･ At U ru mql,
the meas uredv alue s oftritiu m con c e ntratio n
for4 pre cIPltatio nsin 1986by Shia nd Cai
(･1989)w ere105.7,5 6.5, 1 08.0 and84.2 T U,
w ho s e av erage c o rre spo ndsto afa cto rM of
12･5 a s ag amstthe a n nual m ea n of1986at
Tokyo. Althoughthe period a nd n umbe r of
precIPltatio ndata m ea su r ed at Uru mql are
n otsufrl Cie nt at alltotake c o rr elatio n with
tho s eat Tokyo, the fa cto ris the onlyin -
sta n c e. The value ofthisfa cto ris notinc on -
siste nt withthe ge ne r aldistributio nin the
ce ntralpart of Eur asia.
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Fig. 2: Distr]butio n of an n u alm ea ntritium c on c entratlO nin
pre cipitat旧nin Eu rasia . Figureden otes afacto r( 叫to
be m ultipliedbythe a nn u alm e an at Tokyo･ T heltis, M=1
at Tokyo,
4. Effect ofev apo ratio ntotritiu m c o n ce ntratio ninlake wate r
A lake w ate rs ample collected丘
.
o m AydingLake(No. 50inFig. 1)in 1994w asingre at tritiu m
c o n ce ntr atio n(4719 Ttj)･ The sitefo r c olle cting the w ate r sample w a sin the m uddysw amp. Water
s ampled w a s saturated withs altinpuddle･ Gro u ndw ate r s丘
･
o m w ells(No.51a nd52)ne a rthe s am -
pling point of thelake w er einlow triti um c on c e ntratio n(0,0 TU and 2,7 T U, r espectiv ely). T rit u m
in thelake w ater&om the sw amp se e mstobe emiched by evaporatio nofre centpre cIPlta土ion s.
Ac c o rdingto Craig a nd Go rdo n
.
m odel(Go nfla ntini, 1986), theisotopic B･actio n ado nfacto ris
c o mpo sedofa n equilibriu m separ at10 nfactorbetw e e nliquidand vapor at the su rfa ce, andakinetic
fa cto rtran sporting VapO r丘
･
o mthe surfac eto the atm osphe re･ T he relative v apo rpre sur eof H TOto
H20 isO･90toO192in atempe ratur e range of 20to40
o
C(Jac obs, 1968). Asthe equilibriu m s epara-
tion fa cto r
,
which isthe r ecipr o cal ofthe relativ ev apo rpr essure, thatis, 1.08 6to 1.111, a valu eof
1･09 9 wi 11 be used･ T hekineticfactor
,
which is appro xim atedto beproportionaltothe squar e ro ot
ofthe ratio of difRISio ncoeFICients of H20 to H TOin air, is e stim atedto be1.016, ifthe relative
hu midityin the atm o sphe reis appro xim atedto be z er obec au s eofthe aridc o ndition. A 氏e r all, the
&a ctionation fa ctor α oftritiu m at thelake s u rfa ceis estim atedtobe1.116.
A w aterbala n c ein aste adystateforlake swith noinflo w riv er canbe expres s eda s:
d V
盲
= Qp ＋QG - QE = 0 (1)
wher eQp, QG andQE are Precipitatio n, re charge rヤeby gro undw aterand evaporatio?rate･ Visthe
w ate rvolu m eof lake
,
a ndiistim e. Ifthe w aterl na Shallo w lakeis a su m edto mix rapidly, the
m a ssb alance will be expr es sed a s:
響 - cpQp ･CGQG -CEQE 一 見(CV) (2'
whe r eCisthetritiu m concentrationinlake water
,
and A isthe radio activ ede cay c o nsta nt oftritiu m
(0･055 8yJ
l
)･ T hetotal8ow rateQpassingthroughthelakeis equaltothe evaporatio nrateQEfor a
clo sed lake. We will introdu cehere apa ram eterPdefin ed as:♂ - Q〆1Q. T he m ea n residen c etim e of
w ate r(tu mover tim e of w ate r)in the lake c an be defin ed a sT- ”/Q. By combining(1)a nd(2)
- 37-
equ ation s, w eget thediffere ntialequ atio nfo rC(i):
i･(A＋去〕･c -;.[β･cp't'･'l- β'･?G(
t'】 (3)
whe re cristhe &a ctionatio nfactor: α = C/CE. T heintegratio n Ofequ atio n(3)is
c't'-I?p･cp･'t - T'･'1 - P'･ CG't - T
.
']･f･ exp[-(l･=)r]･dr (4,
Forthe AydingLake(No･5 0,in Fig1 1), thetritluU!c on c e ntratio nin gro u ndw aterCo c ould be ze
-
ro forthe reaso n m erltio nedabove. The reside n c eti m eT oflake w ater mightbele ssthan afew
ye ars a.tlongestin such the sw amp c onditio n. Atfirst, w e wi 1lestim ate thelow erlimit oftritium
c o ncentrationin precIPitatio nby applyingthe above m odelto the data oflake w aterunderthe ex-
trem e co nditio n ofβ = 1(i,e. , z e ro c o n-
tribution ofgr o u ndw ater). As a r e s ult,
w e can confl rm that the M-v alu e m ust
be gre ater than about 10to satisfythe
tritiu m da:ta. A fa ctor M of 12.5 ob-
tain ed by averaglng the pr e cipitation
data atU ru mql ln 1986is n otinco nsis-
tent withthis re s ult. Althoughthe n u m-
berofpr ecIPita,tion datain this a re a are
verylimited, w e willu s er eluctantlythe
facto rM of 12.5in thispaper.
Ifthe M - value of 12.5 is adopted a s
theinputC,(a ss umingCG - 0), thet)est
fit Ofβvalue forthe Ayding Lake data
is0.82(Fig. 3). For a smallake(No.4 2
inFig. 1)who se w ate ris &e sh with lo w
tritiu m c o n c entrdio n
,
s m allβvalu e of
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Fig. 3: Calcu‡ated relatio nships betw e entritiu m c o n c e ntratio n
inlake w aterinfluen c ed by e vaporation a nd m e a n resi-
de n c etim e ofw aterinlakein1 9 94.
0.08 is estim ated. Forthe saltlakes(No.
20a nd 43inFig. 1)intheU ru mqi ba sin,the estim atedβ-valu es ar eboth abo utO･44(Fig. 3)A
Bythe w ay, fo rthe &esh w ate rlake(C haiw opu Lake:N o1 6 in Fig･ 1),tritium c on c e ntration s
.
i
.
n
spring w ater s andgr oundw aters ne arthelake ar e r elativ elyhigh(&o m 8･Oto13･1 T U)･ Ifthe trltl-
u m c on centratio n ofr e cha rgegrou ndw ate ris a ssu m edtobe11 T Uduringthese r e c e nt s ev er alyears
(the m e an r esiden c etim e m aybele sstha n5ye ar s), βof O.44 is e stim ated(fig. 3. As a refere n ce
sho wnby adottedcu rv e,if2:er Otritiu m c o nte ntin thein凸ow groundw ate ris suppo sed,PIValueisto
be0.56.). How e v er, theP･v alue e stim ated on thelake s ofNo.16 and 2 0should be re c ognizedto be
an up perlimit,beca us ethe s elake sare not clo s ed completely(alittle su rfa c edis cha rges 丘o m the
lake s wer e obs er vedin 199 4su m m e r). As a whole, it seem sthat the ratio of dir e ctpr e cipitation to
thetotalr echarge oflakeha s ate nde n cytoin cre a se withs alt con c entr atio noflake w ater(Table1)I
Table 1: T 何ium a nd chEoride c o nte nts of
lake waters. a nd the estim atedratio sメ
of precipitatio n to total flo w rates
pas singthelake s･ Lake s of No･16 and
2 0are notc一o s ed co mplete】y･
N
4
I
2
4
5
T ritl um CI
上 山 L
4.2 4 5.6
34 3 20 2.0
2 8.9 3
,
7 0 0
2 7,5 1I 5,000
4 7.9 1 DO,00 0
p NanleOflake
O
.08 Ho hgW ei l 止e
< 0,44 ChalW OPu L 血∋
< 0.44 Sm al】Salt Lake
O
,44 L 喝 eSalt LzLke
O,82 Ayd ingLhke
5. TritiuTn COn C e ntr ationin riv e r water
5･1 Modeling oftritium c o nce ntrationin dis charge w ater
Tointerpr et the mea s ur edtritiu m c o n centratio nsin riv e r waters, ther eis a need fわr m odel de
-
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s cribing w ate rbehaviorin thedrainage reglOn Withrespe ctto meteoric w ate rinf1trated 丘
･
o mthe
s urface･ The tritiu m- v e rs u s-depthpr oBle(ifobtained)inthe uns atu ra土ed a ndsaturatedzo n e s wil
r ede ct thetim ehistory oftritiu m conc entr atio ninthe pre cipitatio nandthe r e cha rge r ate s, The in･
丘Itr ating w ateris suppo s edtopa s sfa stthe u n s atu r ated m ediabe c a u s e ofitspo o rporo sity.
Fo rtr ansport oftritiu min agro u ndw ate rbody, w ewi lldefinethe c o n centrati
■
on c a sthe c o n-
c e ntratio n averaged o verthethickne s s ofthe aquifer along a cro ss-se ction･ Adischargepol nt, StlCh
a sa sprl ng Or a pu mped w ell, can be regarded a s a si ngula rpoint at Which v arious stre amlin e s
onglnatingin the r elated re charge are a a re c o nce tra:tedin a ste adystate･ The av erage tritiu m c o n-
c e ntratio n ofgro undw aterC(i, x)at theho rizontaldista nce xinthe flo wdire ctio n at tim ei can be
e xpr essed a s(Kita oka, 1988):
∂C ∂C
- ＋ 〟 - = -
∂t ar (^･f)c･cR(i)
･ r(i)
r
(5)
whe re u isthe po r ew ater velo city av e raged ove rthe sectio n, CR(i)isthetritiu m concentratio nin
re charge water and r(1)isthe w eightingfa cto rforthe re charge am ount at tim ei. Thepa r am eterT is
defin ed a s:T- fm ち Whe re nis the effectiv epo rosity, H is thethickne ssofgro u ndw ater a nd Sisthe
r e charge rate perunit a re a. Whe nthe start oftim e iisput suffTICientlylongbefore the co nc em ed
po l ntin tim e,the s olution ofthe abo v edifferemialequation do es n otdepe nd o ntheiniti alvalue of
c o n c e ntr ation Candthepor ew ate rvelo clty u a Slong as Tisunifor min the丘o w dire ctio n. T he丘nal
s olutio nis a sfollows:
c(i)-I?cR(i - T)･ r(i - T)･去･ e＋(l･f)T]･dr (6)
Tritu m co n c entratio nC(i), averagedover a cro ss- s e ctio n of the aquifer, c a nbe app
.
roxim ated by
an expo nential distribution ofr esidenc etim e s ofw aterin the aquifer･ From thethepry, lt Canbc seen
that the av eragetritium c onc e ntr atio nC(i)do es notdepe nd o nthehorizontalpo sitio nifTjs unifor m.
T he m e a n reside n c etim e T is r epre s e nted bythe w ate r volum e nH sto red in acolu m n ofunit a r ea
divi dedbythe r e cha rge rate 8 per unita re a. T hisisthe s am edeflnitio n a s soI Cal1ed
' `
bI･nOV ertim e”･
ofa w e111 mixedr e s ervoir syste m, be ca u s eitde n ote sthe r atio ofthe whole w ate r v olum e Vin art
aquife rto the v olu m e rate Q
of w ate rpa s slngthr oughthe 25 0
aquife r.
In orde rto applythe m odel,
it will be asu m edthat tllean -
nu al re charge a m ount to the
gr ou ndw ater system in 也 e
re cha rge r egion is constant
every ye a r. We willus ethe
an n u al m e a ntritiu m co n cen -
tr atio n s of pr e cIPltation for
CR(i),Putting r(i)-1.
5･2 Outputofthe model
Figure 4 sho ws the c alcu-
lated o utput cu rve suslng the
expo n e ntial m odel, a s su mlng
instantan e ou sre charge ofpre-
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Fig. 4: Tr出u mdata ofw atersfronl river. spn ng.lake. gr o u ndw ater. gla cier a nd
pre cipitatio n. A lin egraph den ote sthe an n u al m ea n ofpre cipitatio n(as
M=1 2.5). Cu r v e s a r e c alc ulated o utputs ofexpo n entialm odel fo｢d iffere nt
m e an reside nc etim esT.
cipitatio n (a s M = 12.5)to
gro u ndw ater syste ms. Allthetritiu m datafall into araJlge Ofoutputs &o mthe e xpo n e ntial m odel.
Solidsqu ar e s, w hich denote U rumqi Riv er, show tobe corr esponded
L'
appar e ntly
”
to the residenc e
tim e of 150to 200y. M ostriv e r watersfall into a ra ngebetw e en 5 0y and3 00y. T hes e ap par e nt
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r eside n ce tim es ofw ate rs e em toolong.
53 Run offofm eltglacie r
Thehigh- w ater s e a s o n ofriver sinthe a reaisinhigh-air-te mper atureperiods. This sugge ststht
therive r w ater sin s u m m e r c o ntain m elt sn o w and ice&o m m o untain a r e a s. The meltgla cier m aybe
tritiu m -缶ee w aterpr e cIPitatedagreat while ago. It will be ass u medthatriv erw ate r can be s eparat-
ed intotw oparts:dis cha rge s&o m circ ulating w aterincluding m elt&o m n ewlydepo siteds no w, a nd
discharges丘om zTleltgla cier o ngln atedfrom v ery oldpre cIPitatio n s. Here, w e wi 1lcalthe form e r
a s m et oric wate r a ndthelatter asglacie ric e,forthe co nve nie n c eofsimpliclty.
Ifthetritiu m c o ntent ofglacie ric eis a s su m edtobe zer o, andthat ofpr ecipitationispres c ribed
as M - 12.5, w e can e stim atethepr opo rtion of m eteo ric w atertoriv e rw aterforthe m e a sur edtriti-
u m data of riv er wate rbyusingthe e xpone ntialm odel. T hatis, thepr oportio n s of m ete oric w ate rto
river w aterc anbe e stim ated bydividingthe m ea s ur edtri tiu m c o nce ntratio nbythe output co n c en -
tra;tio n ofthe expo n erltialm odel du eto
the dire ct input ofthe pres cribed pr e-
1･O
cipitatio nfor variou s r e side n ce tim e s at
O･9
the c o nce m edtim e of daⅠa. h Figu re 5,
the calculated proportio n s of m eteo ric
w ater to riv er w ater a r esho w nbythin
cu rve s(solid, dotted a ndbr oken c u rv e s)
for8tritiu m data ofUru mqiRiv er water
collected in 1986
,
1992
,
and1994.
On the other ha nd
,
the gro u ndw ate rs
倉o n w ellsill Ur u mqi Cityin 1992 wer e
in hightritiu m con c e ntr ation, a s m en -
tio n ed abov e. Tile m ain s ourc e ofthe
gr ou ndw ate r sis con side red to be riv er
w ater 舟o m the U ru mqi River, bec ause
theinfiltration &o mthegr oundsu rfacein
the flat regl O n must notbe predo min a nt
inthe aride n vir on m e nt
,
ev en thoughirri-
gatio n c a n als are dispers edi皿 the 出atr e-
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Fig. 5: Mete oric w ate｢proportio nto rh(e rw ater v ersu s mea n r e si-
de n c etim e calc ulated byusing expon e ntial m odela nd m e as -
u r eddataforUru mqi Riv er w ater. ALs o sho w n aboEdcu rveby
u slngthe greatest T Uv alu e ofgro u ndwaterin a we[Ein1 9 9 2.
T hese c alc uEatio ns a r eba s ed onthe ass umption ofn ot n Tu m
c onte nt in m eltgla cier,
glOn ･ Itislikelythat su chthegr oundw ater sinhighcon c e ntratio n w erede rived 缶om Uru mqi River
whe nthe riverw ate rhadbee nin hightritiu mlevelsin thepast･ W e willa s sum ehe rethat the high
-
e st c o n c entratl On(124･8 T U in1992)ofthegroundw aters c?rr espo ndedto thehighest co ncentra土io n
oftheriv erw aterinthepast. Usingth ishighest c o n c erltr atl On Ofgroundw ate r, w e c an e stlm atethe
propo rtion of m ete oric w atertothe wate rfor v ario u s r e siden cetim es of m eteoric wate r. Aboldcu r-
v ein Figure5indicatesthe pr oportion ofm eteoric w atertoriv erw ater with r espe ct tOthishighest
c o n c erltr ation ofgr o undw ate rin1992.
Thu s
,
w e can obtainthe relationsbetw e e nthe mete oric wate rc ontributio ntoriv er water a ndthe
m e a nre siden c etim e ofm ete oric w ater
,
in tw odiqer e nt w ays. UsingFigure 5, the m ete oric w ater
pr oportio n sto river w ater co uldbe obtain edto s atisfyboththe relatio n s e stim ated bythetw oinde-
pe nde nt w ays. Asthe result, the m e an r eside n ce tim e s ofm eteoric waterincre as efro m abo utllto
18y withthepr oportion of m eteoric wa土ertoriver w ater丘o m0.27to 0.4. T he m ete oric w ate rpro-
po rtio n s se e mto hav ea terlde n cytoin c re a s ewith dista n c etow ard dow n strea m 丘
･
o m the original
polr[t atglacie rend. Usingthetritiu m datainthe middle str ea m, thepr oportion ofm eteoric w aterto
rive rw
.
ateris abo utO･35(i･ e L , 0･65proportio nof m eltglacierto riv er w ater), andthe me an resi-
de nceti me Ofthe m ete oric w aterpartis abo ut15y, a sindic atedinFigu r e5.
The m e an re side nce tim e of 15yfo rrneteodc w ate rinferr ed B
･
o m the tritiu m co n c eTItration sin
U ru mqi Riv er water may r e8e cthydrologic states o v e ra wide a re a ofthe r echarge region sinclud-
1 ng Pe rPetualsn ow andglacier regl O nS. Let
'
s suppose ate ntativ ehydr ologlCco nditio n such a sthe
- 4 0 -
an n ual recharge(c)of 40O m mper u nit are ato the gro undw ater syste msinthe re charge r egions.
The n
フ
the m ean reside n c etim e of 15y(I)co rr e spo ndsto a w ate rv olum e of6 m per umitar e a(hH-
cT
,
aheightofw ater c olu m n)I The w ater volu m efo rthegr o undw aterflo w syste m c ouldc o rr e甲O ndto av erticalrange of 300m to3,000m, ifthe effe ctive por o sity(”)in the r o ckfor m atio n s IS a s-
s u m edtobein a r ange ofO･02to O･002 inthe m o u ntain r egio n. Ev e n s u ch the ro ughc alc ulatio n
does not seem topr ovi de s o u nrealistic v e rticalr a nge ofgro u ndw ate rno wfor thelofty Tia n sha n
Mo u ntain s.
5･ Co ntribution ofm eltgla ciertoriv e rw ater
A thin s olidcu rv ein Figu re6 is
the output ofm ete oric w a土e rwith 15
F-m ea n re side nc etim e. A boldcu r v e
血 也e Figu r ede n ote sthe e stim ate
For the discharge wi th0.3 5propo r-
io n of 15y m ete oric w a,te rto river
w ater, Thisboldctlrveis c alc ulated
To rthe Uru mqiRiver w ate rin s u m-
m e r. The data of the riv e r w ater
: olle cted in su m m e rs ar eplotted by
;olidsqu are s.
On the other hand
,
Sangong
liver(No･ 37, 39and40 in Fig. 1),
which als o o ngl nate Sin glacierr e-
‡1O n Sin thelo丘yBogdaSha n, arein
;imilartritiu m values astho s eofthe
Jru mqiRiv e r. Te n chiLake(No. 3 7)
o c ated in the upper-r e a ch ofthe
～v er sho w sthe s ame valu e oftrit-
um c o n c e ntratio nto the rive r wate r
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Fig. 6: Varlatio n s of tritiu m co nc e ntrgtio ns estim ate
'
dfor rlV er W ate rs.
PIots aretrh
-
u mdatafor v a n
'
o u stypesofw ater, A thin s olid curv e
repres e nts the output of m ete ohc w aterfro m a syte m of 1 5y
m ean r e sidence tim edu eto directinputofprecipitatio n･ Athick
curv eisthe estim ateforUru mqi Riv erass u mingto co ntain 65%
m eltgla cier ofn otrltium ･ Dotted and broken curv es are2 0, 50.
7 5 %c onte ntof 1 5ym eteo r[c w ater,
n thelo we r-re a ch. Boththe m e a n
･
e side n c etim e of m eteoric w ater andthe propo rtio n of m eteoric w aterto riv er wate rfor Sangong
hv e rare similartotho s efo rUru mqiRiver.
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Fig･ 7 a nd 8: T ㈹u m co n c e ntration sas of 1 9 92 a nd 1 9 9 41 re SPe Ctiv ely･ Plots are m easured d 由 in 1 9 9 2a nd 1 9 94,
r e spectiv ely･ T hin curv eisthe o utputofm ete oric w ater斤orn a syterT1 0f 1 5yreside n cetim e. Bold curv eisthe
e stim ateforUrumqiRiv er w ater as s u mingto co ntain 6 5% m engEacierofn otritiu m･
Boldc urv esin Figu re7 a nd8show the variatio n oftritiu m con ce ntratio n of riv e rw ater calculat_
さd u nder the m eteoric w aterpropo rtio n of O･3 5to rive rw ater･ Al 1the TU v alues ofpre cIPltatio n s
Lnd calculated c u rve s ar e c on v erteda sof 1992a nd 1994
,
re spe ctively, byr adio a ctivedec ay, tobe
- 41-
co mpared withdata. T hedata of Ur umqi Riv erare show nbys olidsqua r e s.
ThehighestT Uvalu e(96･2 T U)in 1994, which w a s ofgro undw ater丘o m aw ell(No. 49)locat-
edin w estern part ofTdrfanbasin, couldc orrespondto thepe ak ofthe estim ate calculatedunde r0.3
pr opo rtion of m ete oric waterto recharge w ate r, as sho w nin Figure8. T he proportio n of m ete oric
w a,teris similarto that ofUm mqiRiver. The relativ elyhightritiu m c o n c e ntr ationsin 1994 fo rthe
sprin苧w ate r(81･4 T U)ofNo･ 45andthe riv ef W ate rS(89･4 T Uand8 712 T UatNo1 46a nd57, re
-
spe ctiv ely)origin ated&o mthis spring c orrespo ndapparentlyto ahighmete oric waterpropo rtion of
abo ut0.7(Fig. 6), asthe spring w ate r m aybe supplied byundergro und str eam 斤o mthe BogdaSham
M o u ntains. Ifthe riv e rw aterinthe upper re a ch ontains15y m eteoric w ate randitsproportio nto
riv e r wateris similartotha土 ofUru mqi River, the river w ater m u sthav etake nabout15to3 0yto
pa ssthe undergro undtothe spring(Fig. 8).
M ostriv er w aters c o ntain m ete oric w ate rin a p
.
roportion range of O･2to O･5(fig･ 6)I Fo rriv ers
originatingin r elatively s mall altitudesin mou nta m s(co mpa red with Uru mqi Riv er)s u ch a sBai-
ya ng stre a m(N o. 1, 2)and B aiyangshu stream (No. ll, 28),itis notic edthat the pr oportions of
m ete oric wate rtoriver ar erlativelylarge as c o mpar ed with that of Uru mqi Riv e r. This m ay sug-
gest the differ en c e ofr elativ e contributio n of m eltglacier to riv e r waters. In thes e circu m stanc e s,
tritiu m c o ntentsin rive rw ater sinthe are a ares ubsta ntialyin飢Ie nCedby m eltgla cie r, and m ayde-
pend on the arealproportion ofglacie rin the uppe rpart ofthedrainagebasin.
T he traveltim e of the u ndergro und str eam w ater 丘
.
o mthe end ofrive rto an obs ervatio npoint,
su ch a s aw el or a spn ng, c anbe e stim atedby u singFigu r e7 orFigur e8. T ritu m co nc e ntrations of
m o st spnng w ate rsar e corre spondedto a round3 0yofage, thoughso m e ofsprlng W ate rs ar e c o rre-
spo ndedto abo ut10y, o r m o r etha n3 0y. M o stgrou rldw ater s ofrelativ elyhightritium cor[te nt m ay
hav etraveled u nder the gro undfor a r ange of 12to 28y. Gro undw ate rsin v erylo wtritiu m co n c en -
tra;tion are c orre spondedto therive r w ater m o rethan40years agoI T he m ain s our c eofu nde rgro und
w aterin the fo othils a ndthe na:t r egio ns c a nthusbe c o n sider edtobe river wa:ter, andto c o ntain
predomin antly m eltgla cierin su m me r.
Ach70 Wledge m ent
Apa rt ofthis w ork w as m ade as par( ofstudiesfor the u ndergro und w a[ter dev elopm erltPr oje ctin the
U ru mqiar eabythe studytea m oI苫aniz ed byEn vir o n m ental Ass es s m e ntCenterCo mpa nyLimited(pr esiderlt
K
. Shiosal( a), Shizuoka,Jap an.
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